H o st selection by h ym enopterous p arasites of th e m oth P lu te lla m a cu lip en n is C urtis
Criticism of the procedure of earlier exponents of biological control in introducing all primary parasites and predators of a given pest, lias usually stressed the harm which might result from directly competing species. It has been suggested that a more cautious approach should be made in the form of introduction of the parasitic or predacious species singly, later additions to follow if observation indicates the necessity (Thompson 1930; Sweetman 1936) . While this method may be prudent, the usually slow nature of biological control work results in its rejection for financial reasons. There is, perhaps, some justification for this attitude, when one recalls instances such as that of the Hessian fly parasite, Pleurotropis metallicus, which, although introduced from England into the U.S.A. in 1894, was not recovered until twenty-one years later. It has since become one of the dominant parasites of this host in the eastern states.
The thesis of selection from a group of primary parasites of a given host pest has been stressed by various authors, particularly Taylor (1937) and the Hawaiian workers, Pemberton, Willard and Bissell (1918, etc.) . The theory has been criticized by H. S. Smith (1929) on the ground that slight multiparasitism and competition are more than counterbalanced by the diverse ecological requirements of several different species of parasites. Smith's criticism would appear to be borne out by later results in the Hawaiian fruit fly investigations of Willard and Mason (1937) . This latter paper reviews the work from 1914 to 1933 and does not repeat the claim of earlier papers that it was a mistake to introduce some of the Opiine species.
It is generally conceded that when the primary parasites attack different stages of the host, no ill-effects will result from the introduction of all species. The problem of selection arises when two or more species of primaries attack the same or similar stages of the host, with consequent competition.
In this respect the establishment in Hawaii of the four species of parasites, all of which attack the host larva when it is more than half-grown, seems a rather exceptional case on which to generalize; the more typical condition is th a t of a host attacked by a sequence of parasites with the result that interparasitic competition is reduced in importance (Tothill 1922) . The fact th a t with the Hawaiian fruit fly, Ceratitis capitata, the braconid parasites Opius humilis Silvestri and O. fullawayi Silvestri were obtained from South Africa and O. tryoni Cameron from Australia, and th at this latter species is said to exercise a controlling influence over the more prolific humilis, possibly suggests th a t caution should be observed before introducing parasite species attacking the same host stage, but occurring naturally in widely separated ecological areas. Such a principle cannot be established on the basis of one experiment.
Apart from a brief notice by Taylor (1937) in his work on the parasites of the leaf mining beetle Promecotheca reic in Fij this topic of possible competition between proposed introductions, and the investigation by Farnham House Laboratory of the European parasite com plex of the diamond back moth, Plutella maculipennis, seemed to offer a good opportunity for extending knowledge of this aspect of biological control work.
Method
Examination of the literature and extensive surveys in Europe by the Laboratory staff and Mr J. Muggeridge, New Zealand Government Ento mologist, have indicated th at the more common European parasites of Plutella maculipennis are: the ichneumonids Angitia cerophaga Gravenhorst, A . fenestralis Holmgren, and the braconid Apanteles plutellae Kurdjumov, attacking the larvae; the ichneumonids Diadromus collaris Gravenhorst and D. subtilicornis Gravenh pupae and pupae. All species are internal parasites. I t is proposed to investigate the incidence of multi-and superparasitism in these parasites in the field and laboratory. The subject-matter of the present preliminary paper is mainly the laboratory experimental work on the three species, Diadromus collaris, Angitia cerophaga and Apanteles plutellae. A few data on field parasitism by these species are included. Throughout the work the terms superparasitism and multiparasitism are used in the sense defined by Smith (1929) . Multiparasitism (or multiple parasitism) involves two or more individuals of different species in a host; superparasitism two or more specimens of the same species.
From the experimental point of view, the problem of multiple parasitism is being regarded as a question of the nature of the oviposition responses of the various parasites. The procedure adopted consists in confining the female parasites in tubes (4 in. long, 1 in. diam.) for a predetermined time with a given number of hosts and observing the oviposition behaviour of the adult parasites and subsequent development of the immature parasites to note the effects of direct competition. Prepupae and pupae are lightly gummed by their cocoons on a strip of stiff drawing paper; in the case of host larvae, a strip of cabbage is so wedged in the tube th at all larvae are as accessible to the female as the experimenter can arrange (figures 1, 2, plate 18). The tubes are closed by perforated corks surrounded with fine muslin. All experiments are performed under constant temperature and humidity. I t is realized, of course, th at this method has many limitations. Oviposition in the field probably depends upon such factors as the density and accessibility of the host, density of the parasites, etc., so th at it is clear th at the prevalence of multiple parasitism in any particular country will depend upon, and can only be accurately assessed in, the conditions pre vailing in th at country. Nevertheless, laboratory work does indicate potentialities, and it is thought th at the method adopted does give some idea of the host conditions in which the various females will oviposit and hence some of the predisposing factors for multiparasitism. I t is hoped, too, th at the investigation will furnish data on the relation between behaviour in the laboratory and field.
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Oviposition behaviour of the parasites (a)
Diadromus (T h y r a e e l l a ) Grav.
The females attack and oviposit in a wide range of prepupae* and pupae-even the prepupae immediately after the spinning of the silken cocoons by the mature larvae. Oviposition is limited only when the imaginal organs are well advanced in the pupa and the contents of the latter have lost the fluid consistency of the earlier stages.
The presence of the silken cocoon surrounding the pupa plays an appreci able part in the acceptance and parasitization of a particular host. This will be seen from table 1.
In experiment A, ten fertilized females were each supplied daily with ten host pupae removed from the cocoons; on the eighth and subsequent days they were given normal pupae enclosed in cocoons. In experiment B, another ten females were supplied with pupae enclosed in cocoons for 7 days prior to being given access to naked pupae. The females in this latter experiment were of various ages, so th at oviposition was irregular. The immediate increase or decrease in laying when the cocoon is present or absent is apparent. A few experiments were done in which naked pupae were placed alongside empty silken cocoons but oviposition was still very limited. A somewhat similar observation on the importance of the silken cocoon in securing oviposition has been noted by Jackson (1937) with Pimpla examinator Fabricius. Some of the females used in experiments with the Pimpline would not oviposit in the naked pupae of various Lepidoptera. The host cocoon is of significance in the oviposition response apparently because of the peculiar posture adopted by the female in the act of oviposi tion. This silken cocoon surrounding the host is so spun th at apertures are left in the region of the head and tail ends of the pupa. Innumerable observations of females attacking the hosts have demonstrated that the ovipositor must be inserted a t one of these points (in the manner of figures 4, 5, plate 19). On encountering a host the female mounts the cocoon at one end and walks to the other end, subjecting the cocoon to incessant antennal examination. If this examination is satisfactory, the female, while poised a t one end of the cocoon, turns through an angle of 180° and inserts the ovipositor a t the aperture last examined by the antennae. The head and thorax of the adult parasite now lie over the upper surface of the cocoon, while the abdomen is bent more or less parallel to the thorax and with its ventral surface facing away from the host surface. The tip of the abdomen is then flexed so as to make contact with the host and the ovipositor is released from its sheaths and driven into the pupa. In so doing the tip of the abdomen is forced backwards until the ovipositor is inserted up to the base. The duration of the action varies from 30 sec. toThere seems to be some preference for the head region of the pupa, and in one observed series of fifty-two attacks, forty were in the head. The aperture at the end of the cocoon near the pupal head is usually better defined than that at the tail end, where it is frequently obscured by the presence of the cast skin of the mature host larva (figure 5, plate 19). Females have never been seen to attem pt a direct penetration of the meshes of the upper surface of the rather loosely wroven cocoon, and even when the cocoon is removed the parasites flex the abdomen in the normal manner. Apparently in the absence of a cocoon difficulties occur in securing the release of the ovipositor from the sheaths as the abdomen is able to move too freely. The inflexibility of the oviposition response from this aspect has been demonstrated on several occasions wrhen females have been observed examining a cocoon from which the host has been partially dislodged by enlargement of one of the terminal holes so th at the pupa lies partly to one side of the cocoon. In such cases the females still persist in inserting the ovipositor into the empty portion of the cocoon enclosure although the pupa lies exposed nearby. When there is a very large aperture at one end a female sometimes enters the cocoon and attem pts insertion of the ovi positor (figure 6, plate 19).
When there is opportunity the Diadromus females show a distinct preference for the younger prepupal and pupal stages, but oviposition does not seem to be appreciably restricted when no choice is available. This will be seen on examination of tables 2 and 3. Ten females were used in both experiments and each was supplied with ten hosts daily throughout life. In one series the ten parasites were given a choice of prepupae and pupae and these host types were alternated at half-inch intervals on paper. The experiments were performed at a constant temperature of 20° C, at which temperature the host larvae spin up and remain as prepupae for [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] hr. The pupae in the experiments were obtained by waiting for the pupation of such collected prepupae. A further experiment at 20° C,with six fertilized females given a choice of prepupae and 4-day-old pupae over several days gave 175 eggs in the prepupae and sixty-two in the 4-day-old pupae.
It will be noticed that there was a very heavy superparasitism under the conditions prevailing in the foregoing experiments, and as only one parasite is able to mature in a host this results in appreciable mortality. These data suggest that the females were unable to distinguish between parasitized and unparasitized hosts. Ten hosts of an apparently uniform nature were supplied to each female daily and although at certain times of a female's life more than ten eggs were laid in a day, it was exceedingly rare to find any female utilizing all ten pupae in 1 day.
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This heavy superparasitism was not the result of the removal of the pupae from the cabbage leaves. This operation sometimes slightly damages the cocoons but does not seem to render some hosts more accessible than others, as superparasitism was of the same degree if the hosts were left on the host plant. Moreover, superparasitism was as prevalent in pupae which had been removed from the cocoons. For example, one series of ten females, supplied with ten such hosts daily, laid 119 eggs in eighty-seven hosts during the first week of life: comparable figures extracted from tables giving the oviposition in normal pupae gave 119 eggs deposited in 104 hosts of the 700 available over a period of 7 days. Although there was an apparent lack of ability to discriminate between parasitized and unparasitized hosts, the fact that females are able to select prepupae and pupae of different ages, suggested th at the parasites might possess selective faculties in regard to hosts containing the more advanced immature parasite stages. Such behaviour has been noted with Melittobia acasta (Thompson and Parker 1927) , Cryptochaetum (Thorpe 1930), and Microplectron fuscipennis (Ullyett 1936) . Accordingly, the following experiment was set up. Plutella pupae containing late larvae and prepupae of Diadromus collaris were selected from the routine breeding cages and arranged in the normal manner. These were alternated with unparasitized pupae. Five pupae of each type were used for one female so th at the PU PU P arrangement was J J p jjp fJ ' P representing a parasitized pupa and U an unparasitized pupa. This method of host disposition is the standard one adopted in " alternation" experiments. Ten females were each supplied with one set of hosts for 24 hr. at 20° C. in 4 x 1 in. glass tubes. After 24 hr. the pupae were dissected to determine the oviposition, and the results are given in table 4. The figures in brackets give the distribution of the parasite eggs in the five unparasitized pupae available at the commencement of the experi mental period. Thus, in experiment 5, the figures 1, 2, 42, mean that in a total of four pupae parasitized, one contained one egg, one two eggs, and two each contained four eggs. When no figures are given other than the one number, all parasite eggs were laid singly. The precision with which the females avoided the hosts containing advanced parasite stages reinforced the suspicion th a t the superparasitism occurring in routine experiments was of a somewhat peculiar nature. Even in the present experiment, some females laid more than five eggs but failed to parasitize all five " normal" pupae available. Further, it appeared from an inspection of the figures giving the daily rates of oviposition of individual parasites, th at the distribution of the eggs was worse than random, indicating th at some factor or factors made certain hosts so attractive th at they received a too generous quota of eggs.
Repetition of the foregoing discrimination experiment, using pupae containing second instar Diadromus larvae (which are approximately a quarter the size of the mature larvae), also gave a universal rejection of the parasitized material. However, it should be noted th a t in this experiment the age of the unparasitized pupae was 3 days younger than th at of those containing the young parasite larvae, and although the development of a pupa is inhibited when a parasite is present, the disparity in the ages of the pupae available in the experiment may be partially responsible for the rejection of some hosts.
Finally, experiments were designed to test the possibility of the females being able to reject pupae containing eggs of Diadromus. The procedure consisted in supplying ten active parasites with three young pupae each spaced 1 in. apart in the usual container, and removing the females after a 3 hr. exposure had ensured th a t the majority of the pupae had been parasi tized. Two fresh unparasitized pupae were then placed between parasitized pupae 1 and 2, and 2 and 3, making a total of five hosts. The whole set of five pupae were then left for 24 hr. so th at the parasite eggs present would be well developed and could be separated from those which might be laid at any subsequent exposures to the females. This separation is easily accom plished because the freshly deposited egg is of a uniform opaqueness, while the day-old egg shows a differentiation including what appears to be the intestine of the developing embryo. Dissection must be done immediately after completion of the experiment.
On the expiration of the 24 hr., some of the cards with the five pupae were replaced in the same tubes as a t the first exposure, while other cards were not placed in the tubes where they were at the first exposure. All cards were left for 1 hr. at 20° C with the females contained in the tubes. The placing with the same or different females at the second exposure was done with a view to noting whether the behaviour of the female differed in relation to hosts parasitized by herself or another female. The ovipositions at the second exposure are given in tables 5 and 6. Table 5 shows the layings when the same females were used at the first and second exposures in a series of ten experiments; table 6 gives the details where different females were used. There was, of course, no guarantee th at all three hosts were parasitized at the first exposure, as there is no reliable means of determining this by external examination. Where such parasitization did not occur, more than two unparasitized pupae were available to the females at the second exposure, but this feature does not invalidate the conclusions to be drawn from the experiments. 
DAY-OLD EGGS LAID BY THE SAME FEMALES
Eggs laid in exp. no.
12345678910 Totals
Parasitized pupae (3) 0000000000 0 U nparasitized pupae (2) 2 4 2 3 2 2 5 4 3 1 28 Table 6 . R ejection by D iadrom us collaris of pupae containing
DAY-OLD EGGS LAID BY DIFFERENT FEMALES
12345678910 Totals Parasitized pupae (3) 0000000000 0 U nparasitized pupae (2) 1343253323 2 9
Discrimination was pronounced and hosts containing parasite eggs 24 hr. old (at 20° C) were avoided by the females irrespective of the females which effected the parasitization. I t will be observed th at appreciable super parasitism occurred in the pupae which were unparasitized at the com mencement of the experiment. It seems clear from these and previous results that the heavy superparasitism in this species occurs by the action of individual females upon encountering unparasitized hosts. Three hypo theses may be put forward to account for this disposition on the part of the Diadromus under the prevailing conditions. First, the female may be unable to distinguish between unparasitized hosts and those containing recently deposited eggs; secondly, she may lay more than one egg at any one act of oviposition; and, thirdly, she may have a tendency to remain in, or return to, the vicinity of a host which had recently been attacked by her. No method has yet been devised for testing the first hypothesis because of the difficulty of identifying eggs laid at the first and second exposures when the ovipositions occur within a short time of each other. It will be shown in experiments to be described later (see table 9) th at with brief exposures of the host pupae to the females, the great majority of the hosts contained one egg, so th at the second hypothesis is untenable and the first doubtful. This leaves the third suggestion as being the most likely.
As this behaviour might have resulted from confining the females in very small spaces, relatively large celluloid cages of 12 in. diameter and 5 in. height were constructed. These cages were capped with fine muslin. Ten pupae placed 2 in. apart in rows of five, were gummed on squared paper at the bottom of each cage. As controls ten pupae were placed at | in. intervals in cages 4 in. diameter and 5 in. height (in the routine 4 x 1 in. glass tubes, pupae are spaced \ in. apart in two rows of five). A single female was placed in each cage for 24 hr. at 20° C, and a total of thirty-six such readings involving different females were taken for each type of cage. In the 4 in. diameter cages, 210 eggs were deposited in 132 hosts when 360 hosts had been available. In the 12 in. cages, 170 eggs were laid in 104 of the 360 hosts available throughout the experimental period. The degree of superparasitism is similar, and it is presumed th at this disposition on the part of the females to lay more than one egg in hosts in the laboratory cannot easily be modified. A tendency to excessive superparasitism in the field has been described by Thompson and Parker (1930) with Eulimneria crassifemur, a larval parasite of the European corn-borer, and may be due to a similar intrinsic weakness.
The foregoing experiments have established the existence of a capacity by the female Diadromus collaris of avoiding ovipositin certain stages of the same species. This faculty may be conveniently termed intraspecific discrimination in contrast to interspecific discrimina tion, when the female parasite of one species is able to distinguish the hosts containing immature stages of a different species.
Prepupae encountered in the field by the Diadromid will frequently contain larval stages of the Angitia species, as these parasites emerge from the host after cocoon formation by the latter. As a preliminary experiment, prepupae which could be recognized by the observer as containing advanced larvae of Angitia cerophaga, were taken from the routine breedi arranged in the standard manner in alternation with unparasitized prepupae. Ten females were each supplied with a choice of five of each host types for 24 hr. at 20° C. A total of seventy-five eggs was laid and all were placed in the unparasitized hosts. A similar result obtained when Angitia cerophaga cocoons within the Plutella cocoons were alternated with un parasitized prepupae. It was noted during the course of the experiments th a t such parasitized hosts were examined by the females.
The usual type of prepupa encountered by the Diadromus female is th at containing an Angitia larva at least half-grown. The majority of the host larvae are attacked in the early instars by the Angitia females so th at at the time of cocoon formation by the host the contained parasite is in the second or third instar. However, in order to test the interspecific discriminatory faculties of the Diadromus thoroughly, it was decided to supply the females with prepupae containing first instar larvae of Angitia cerophaga. They will, of course, sometimes meet such conditions in the field. Hosts containing such young stages of the Angitia were obtained in the following manner. Ten fully-grown larvae of P l u t e l l aw ere confined in 4 x 1 in. tubes containi a strip of cabbage. A single female Angitia cerophaga, which had not previously oviposited, was left with them for 6 hr. at 20° C. The mature larvae soon spin their cocoons, and the prepupae which are unparasitized transform into pupae within [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] hr. at the prevailing temperature. The prepupae which remain as prepupae longer than this period are usually parasitized, the presence of the parasite stage or some action of the ovi positing Angitia preventing pupation. This inhibition of pupation is not invariable, as occasionally pupae containing Angitia eggs have been ob tained. It is not known if any development takes place in this medium, but it is unlikely in view of the time which must have elapsed since oviposition. Incidentally, this action of A . cerophaga in preventing pupation contrasts with th at of Diadromus collaris, which oviposits readily in the prepupae, which in turn is followed after the normal interval by the pupal instar.
These parasitized prepupae were left for 4 days at 20° C to allow develop ment of the parasites to primary larvae and were then alternated in the usual way with unparasitized prepupae in 4 x 1 in. tubes. Ten such experi ments were performed. The eggs laid by the females are given in table 7. Of the fifty hosts which were thought to have been parasitized by Angitia cerophaga, some fifteen did not contain parasite larvae. Eleven eggs were laid by the Diadromus females in some of these latter unparasitized pre pupae, but these figures have not been included in the above table. I t will be observed that occasionally the females do oviposit in prepupae containing Angitia stages, and such multiparasitism may occur even when un parasitized hosts are also available.
Confirmation of the tendency to avoid ovipositing in prepupae containing stages of another species of parasite was obtained by confining females with such hosts and providing no choice. In some respects this arrangement gives a better approximation to field conditions, where the females are rarely confronted with a choice of hosts at very close range. Prepupae parasitized by A. cerophaga were obtained by the usual routine, and the parasite larvae were allowed to develop to the second instar. Ten females were each supplied with five such hosts for 2 hr. at 20° C. At the end of this period the females were given five unparasitized prepupae for 2 hr., then parasitized prepupae again for 2 hr., and finally unparasitized prepupae for the fourth 2 hr. period. All the Diadromus females used in this experiment had been observed actively ovipositing but had not laid for 2 days previous to the experiment. The oviposition of the females is shown in table 8. All unparasitized prepupae were examined under the binoculars before dis section, and all appeared to the observer to be equally accessible by the terminal holes of the silken cocoons. All but two of the parasitized prepupae actually contained Angitia larvae, but for some reason these unparasitized pupae were not oviposited in by the Diadromus. The exercise of restraint is evident. During the course of the experiments all females were observed to examine the parasitized prepupae, insert the ovipositor into the host via the terminal hole of the cocoon, and then quickly withdraw the ovipositor again. The duration of this action was much more brief than th at of the usual act of oviposition. After a few such attempts, the females became very agitated and moved rapidly round the tubes, and frequently ran over the hosts in their move ments. When, later in the experiment, contact was made with some host in the supply of unparasitized prepupae, the parasites stopped and examined them and eventually oviposited. I t appears, therefore, th at these females are able to determine the nature of their hosts partly by external examina tion (probably with the antennae) and partly by internal examination with the ovipositor.
For purposes of comparison a parallel series of experiments on the exer cise of restraint was done with pupae containing second instar larvae of Diadromus collaris. These were obtained by exposing sets of two pupae spaced 1 in. apart for 2 hr. with females and leaving the hosts at 20° C for 3 days. Owing to the peculiar oviposition habits of this parasite it was decided to limit the number of hosts exposed to the females so as to be tolerably certain of securing parasitism of all hosts. A heavy superparasitism is inevitable, but usually one parasite larva soon assumes ascendancy. I t was further decided to restrict the exposure of such parasitized hosts to as short a time as would permit of examination and oviposition by the females. A period of 20 min. was selected, and immediately on expiration of this the females were given sets of two unparasitized pupae. This process was repeated ten times with ten females. The numerous changes of the host cards did not seem to disturb the parasites to any appreciable extent. The behaviour is summarized in table 9. Exposures 1, 3, 5, 7, 9 were to parasitized pupae and those of 2, 4, 6, 8, 10 to unparasitized pupae. The experiment thus involved a period of 3 hr. 20 min. The females had not been supplied with hosts for 3 days previous to the experiment.
The dashes in the Table indicate th at no eggs were laid. I t is a remark able fact th at in this experiment and all preceding not a single case of superparasitism by Diadromus females has occurred, provided the host parasitized contained a Diadromus stage more than 24 hr. old. The restraint of the female in respect of hosts parasitized by Diadromus seems to be more rigid than when the hosts are prepupae containing larvae. The extent to which the female refrains from laying in parasitized hosts under field conditions is unknown and difficult to determine, but the results of dissections of some field collections of pupae are discussed later in this paper. I t has been suggested by the present author (1938) that, with the Chalcid Ooencyrtus kuvanae, a decrease in the facilities for oviposition (su might obtain from scarcity of hosts, inclement weather for the activity of the female, etc.) may result in greater oviposition activity at a later time in life when conditions become favourable. An attem pt was made to indicate the importance of this feature by preventing females from laying for various periods and then noting any change in behaviour when confronted with parasitized material. It was shown th a t when no hosts were available over several days,.m ature eggs accumulated in the oviducts and these were eventually released with little consideration for the nature of the hosts available. Normally this parasite has good discriminatory faculties and limits its laying in the presence of parasitized hosts.
This characteristic of alteration of behaviour in consequence of the condition of the gonads does not apply to Diadromus collaris. In the foregoing experiments to test the exercise of restraint, all the females had been prevented from ovipositing for at least two days. The numbers of eggs eventually laid by these females were not appreciably greater than those obtained in the usual daily oviposition in unparasitized material. Con firmatory figures have been had from the other experiments.
I t has been noticed th at the female Diadromids feed on the host contents at irregular intervals throughout their lives ( figure 3, plate 18 ). This feeding habit is quite pronounced and is particularly evident if the parasites have been kept from hosts for some time. The female punctures the pupa with her ovipositor at the head or tail end, having first enlarged the terminal holes in the cocoon by tearing with the mandibles. The latter operation is necessary to permit of the insertion of the female's head between the cocoon and the surface of the host. Such behaviour has not been observed prior to normal oviposition. Sometimes, a female enters the cocoon and punctures the host ( figure 6, plate 19) . Frequently pupae are so mutilated by this treatm ent that no emergence occurs. Unfortunately, any advantage which might accrue from this predatory habit of the adult is partially nullified by the fact that the feeding is indiscriminate, parasitized hosts being as acceptable as unparasitized.
The daily rate of oviposition of the Diadromus females, at 20° C for the first 14 days of life, is shown in figure 7 . This rate was obtained by a veraging the oviposition of twenty females. Maximum activity is reached about 1 week after emergence. Each female was supplied with ten hosts daily, and was therefore able to feed on host contents at any time during the first 14 days of life. I t was found th at with a set of ten females, which im mediately on emergence had been kept without hosts for 14 days and then supplied daily with unparasitized hosts, the oviposition curve was of a similar character to th at in the first instance (figure 7). Further sets of females kept without hosts for 6 or 28 days after emergence also gave layings which increased gradually in the manner of figure 7. Thus twelve females kept without hosts for 6 days after emergence laid twT enty-three eggs in the first day's supply of hosts, forty-three in the second and third days' supply, and seventy-two eggs in the fourth day's exposure. Prior to access to pupae all these females had been confined in glass cages of 4 in. diameter and 5 in. height and fed on moist sugar and a split raisin. When they were eventually given pupae, they naturally fed, at intervals, on the contents. I t would appear from these figures th at the feeding of the adult on the host contents is associated with the normal development of the gonads. This apparent need for protein was verified by dissections of the gonads of freshly emerged females and those which have been fed for 6 or 14 days on a diet of sugar and raisins and given no hosts. In all cases the ovarioles were usually well developed but very few mature eggs were present.
This feature helps to explain the absence of accumulation of mature eggs in the oviducts, which was inferred from the experiments on restraint. It has been noted above th at the females in these experiments had been prevented from ovipositing for several days before use, but did not lay more eggs than those obtained in routine daily ovipositions. From this viewpoint it is therefore very doubtful whether, in this species, irregularity in the availability of hosts in the field will effect the incidence of super parasitism and multiparasitism.
D. C. Lloyd exposure (days)
F ig u r e 7. The effect of pupal feeding on oviposition by Diadromus collaris. The b arred curve gives th e average daily oviposition w hen th e females were supplied w ith pupae im m ediately on emergence. The d o tted curve gives the average daily oviposi tio n w hen th e females had been k ep t for th e first 14 days of life w ithout pupae.
At this stage it will be advantageous to summarize briefly some of the factors which have been found to influence the oviposition response of Diadromus collaris. These factors may be broadly classified as (1), those involving the silken cocoon surrounding the host, and (2), those involving the physiological condition of the host. Although the silken cocoon is of significance because of the nature of the oviposition act, the behaviour with " naked" hosts is probably of little practical importance, since only a very small percentage of field pupae are not covered by cocoons. Moreover, as was concluded by Thompson and Parker (1927) with Melittobia acasta, the oviposition behaviour of the female parasite does not depend so much upon the character of the envelope surrounding the hosts as on what lies beneath it. Unparasitized hosts are more acceptable when histogenesis is in the early stages, but hosts parasitized in such conditions are usually rejected by subsequent females. This rejection is very well defined in respect of pupae parasitized by Diadromus collaris itself, and prepupae containing the advanced larval stages of Angitia cerophaga. Superparasitism in prepupae and pupae seems to occur only in cases where the host contains recently deposited eggs; multiparasitism obtains when the Diadromus female en counters prepupae containing very early instars of Angitia cerophaga, but oviposition in these conditions is restricted. Experiments suggest th at feeding on the host contents is necessary for the full development of the gonads.
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This species of Angitia is a very common larval parasite of Plutella maculipennis and has a world-wide distribution. The female is very active but seems to have no precise sense guiding her to the host larvae; her search of a leaf with host larvae consists mainly of an incessant tapping of the leaf surface with the antennae and tip of the ovipositor. Immediately a Plutella larva is touched it moves, and the parasite gives a quick jab and an egg is laid. Sometimes the host larva is impaled on the ovipositor and not easily removed. When a larva falls to the bottom of a breeding jar, the female parasite often drops after it and parasitizes it, but it has been noticed th at a female is unable to locate a stationary host caterpillar on the bottom of the container, or on a leaf. However, this latter contingency is infrequent as most Plutella larvae are very sensitive and react quickly to movements in their vicinity.
The female Angitia cerophaga attacks all stages of the host larva with equal facility when confined with them in the routine 4 x 1 in. glass tubes. A strip of cabbage is so wedged in the tube th at the hosts are unable to escape contact with the parasite by lying between the cabbage and the sides of the tube. Selected larval stages are then placed in the tube and left for a few hours to resume normal feeding before the parasite is introduced (figure 3, plate 18). Table 10 gives the results of exposing five second-instar larvae and five mature (fourth-instar) larvae to Angitia females for 6 hr. at 20° C. Some of the final-instar larvae had spun cocoons by the conclusion of the experiment. I t has been observed that the females also oviposit occasionally in prepupae enclosed within cocoons. This reaction depends upon movement by the prepupa when the parasite walks over the cocoon; if there is no movement, the female takes no interest in the contents.
The ready acceptance of final-instar larvae immediately prior to their spinning up and even when in cocoons, is surprising in view of the veryheavy mortality of the parasites in such cases (see section dealing with mortality in superparasitism). Hundreds of mature Plutella larvae have been dissected in the field, and these rarely contained stages younger than second-instar larvae of Angitia; there is little doubt th at normally the advanced host larvae escape parasitization by their extreme agility, but some may be attached during cocoon formation. Tapping a leaf surface causes the larger hosts to wriggle quickly off the leaf and suspend them selves by a silken thread. As has been stated, similar behaviour occurs in the laboratory rearing cages, but in a small tube this agility is largely nullified. The younger larval stages of Plutella are usually loosely enclosed by silken threads on the leaf surface and are more restricted in their movements. female  1  2  3  4  5  6  7  8  9  10  laid   2nd  9  7  7  5  8  4  4  8  3  3  58  4th  16  6  10  5  2  3  1  6  4  1  54 To ascertain the intraspecific discriminatory faculties, if any, of this species, a series of ten young second-instar Plutella larvae were placed in ten tubes and a single female Angitia was confined in each tube for 5 hr. at 20° C. These females had not oviposited previous to the experimental period. Hosts so treated were then left for 48 hr. at 20° C, so that the contained parasite eggs were on the point of hatching. The majority of the hosts were still in the second instar and were then again exposed to a fresh set of Angitia females from the same source as the first for 1 hr. at 20° C. This second exposure was undertaken to obtain some indication as to whether the species restricted oviposition in the presence of parasitized host material. As the adult parasites were from the same source with only a slight age difference of 2 days, the eggs deposited a t the first exposure may be regarded as a control for those laid at the second exposure. Separa tion of these egg depositions is easy because by the time dissection is performed the first laid eggs have hatched. Records of the eggs found in each host are given in table 11. Large bars (/) indicate the first ovipositions and small bars (!) the second ovipositions.
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Inspection of these details established (1) th at the A. cerophaga female is able to detect hosts parasitized by either herself or another female of the same species and can avoid ovipositing in them; and (2) th at the females limit their laying when the majority of the hosts available are parasitized. This selective faculty is rather remarkable because, when disturbed by the actions of the female parasite, the host larvae keep moving in the tubes and hence the position of any unparasitized hosts relative to those already parasitized is constantly changing throughout the course of such an experiment. This feature is well brought out in those cases in the experi ment where the first females parasitized eight or nine hosts and the sub sequent females attacked the few unparasitized hosts available in addition to laying in the parasitized material. The presence of these few unparasi tized hosts complicated, to a slight extent, the examination of restraint, and the total number of eggs laid in the parasitized hosts should be taken as slightly less than that indicated in the table. In connexion with this possession of discriminatory faculties, it is of interest to note th at Chamberlin and Tenhet (1926) state th at there appears to be a marked tendency on the part of the Microgasterine Braconid, nigriceps Viereck, to avoid laying in second-instar larvae of the tobacco bud worm, Heliothis virescens Fabricius, which have previously been parasitized. Frequently a female was observed to return to a tobacco plant which she had left a short time previously, but she ignored the larvae which she had parasitized on her first visit. Moreover, females often refused to oviposit in the first-instar larvae, which is the " preferred" size, and it was inferred that these hosts had been parasitized. These observations are particularly interesting in view of the fact that they were made in the field.
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Having established the existence of the faculty of partially refraining from ovipositing in young host larvae containing Angitia eggs, experiments were next undertaken to ascertain the effect of larger hosts containing more advanced parasite stages on oviposition. The number of second-instar larvae available in the tubes was reduced to five so as to obtain maximum parasitism of the hosts at the first exposure. Such larvae were then left for 4 or 6 days at 20° C, so th a t the contained parasites developed to the first and second instars. During this interval the hosts had become third instars (containing first instars of cerophaga) and fourth instars (containing second instars of cerophaga). Controls, consisting of unparasitized third and fourth instars of Plutella of sizes corresponding to those containing the parasite larvae, were obtained from the routine breeding cages. Other procedure was as in preceding experiments. The Angitia females used had not previously oviposited and were confined in glass tubes 4 x 1 in. for 1 hr. at 20° C. Figures for the oviposition in hosts containing primary larvae of the Angitia are given in table 12, and those in hosts containing second-instar larvae of the Angitia in table 13 . The ovipositions in the control tubes have also been incorporated in these tables. Egg laying at the first and second exposures is indicated by large and small bars respectively. I t will be seen th at in the experiments designed to test restraint, all hosts with the exception of the two indicated in table 13, were parasitized at the first exposure. The females restricted their laying and this limitation may be more pronounced when the hosts contain more advanced parasite stages.
However, for reasons already stated, the later instars of the host larva usually escape attack in the field so th at this rejection is largely of academic interest. It might be mentioned that the ovipositor appears to be the most important organ involved in the determination of the nature of the host. Hosts containing larvae of Angitia will almost invariably have moulted since the time of attack by the female parasite, so th at there is no question of some material traces of the original female being left on the surface of the host and detected by the subsequent female as was demonstrated by Salt (1937) with Trichogramma evanescens and its host cerealella. 
SECOND-INSTAR LARVAE OF THIS SPECIES
T otal eggs laid in Eggs laid in parasitized host no.
, The outstanding feature of the oviposition response of Angitia cerophaga is the apparently wide range of factors to which reaction is made. It is unusual for a hymenopterous larval parasite to oviposit in all instars of the host larvae. The physiological host conditions involved include such diverse types as th a t of the unparasitized first instar, the prepupa in a state of histolysis, the instars containing immature parasites of Angitia, and instars parasitized by Apanteles plutellae.
-----------
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(c) Apanteles plutellae Kurdjumov
This small Braconid has a geographical distribution in Europe which compares favourably with th at of the Angitias and Diadromids but has only been found to parasitize a very small percentage of the larval population of Plutella. It is a curious fact th at this smallness of the Apanteles population relative to th at of the Angitia spp., has been paralleled in laboratory breeding. It has not yet been possible to get the Apanteles to breed freely under laboratory conditions; it lays rather sporadically and gives rise to few progeny. In view of these oviposition habits, experiments with this species have been somewhat unsatisfactory.
The methods of searching for, and attack of, host larvae are very similar to those of Angitia cerophaga. The movements of the host again play an important part in the localization of the latter by the female. The females readily attack and oviposit in the first three larval instars of the host and although they attem pt to attack the final instar, the violent reactions of the mature host larva prevent any ovipositions as the small parasite is quickly thrown off. No eggs have been found in such larvae after confine ment with the parasites. As the mature Apanteles larva emerges from the fourth instar of Plutella to spin its cocoon this failure is not surprising. Experiments with Apanteles females in the routine breeding cages have shown that the first and second host instars are the most suitable for oviposition and subsequent development of the parasite.
Tests of interspecific discrimination were made by supplying the females with ten early second-instar hosts, each in the usual containers, for 3 hr. at 20° C. The figures in table 15 are the highest ovipositions obtained from several series. Selection here appears to be on a par with that of Angitia cerophaga. Difficulty in securing a good supply of hosts containing larvae of Apanteles has prevented an extension of this experiment.
Behaviour, where some of the available hosts are parasitized by Angitia cerophaga, was examined by the procedure outlined for interspecific dis crimination in the Angitia. The sets of ten hosts contained recently deposited eggs of A. cerophaga and the Apanteles females were left in the tubes for 3 hr. at 20° C. The difficulty in this experiment was to limit the laying of the Angitia females so that a fair number of unparasitized hosts was present for the Apanteles. The best series obtained was o or more of the ten hosts had been parasitized by the Angitia at the first exposure. This series is comparable with th a t given in table 14, but it should be noted th at in the latter case the parasitism at the first exposure was not very heavy. The Apanteles females were therefore confronted with more difficult conditions. The behaviour of the Apanteles in such conditions is shown in table 16. Except where indicated by figures in brackets, the numbers of hosts attacked also indicate the numbers of eggs deposited. Taking the average of all the experiments the Apanteles show a preference for unparasitized hosts in the ratio of 1*6 : 1. The preference ratio for the first four experiments of hosts parasitized by Angitia may be due to chance or to a definite rejection by the four females. The latter reason is unlikely. I t is apparent, then, th a t the Apanteles females will readily lay in hosts parasitized by Angitia cerophaga. Thus, when no unparasitized hosts are available they oviposit in hosts containing larvae of the Angitia. Details are given in table 17 of an experiment in which ten females were each supplied with five third-instar Plutella larvae containing first-instar Angitia larvae for 2 hr. at 20° C. Control females were each given five unparasitized third instars.
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I t is concluded from these few experiments th at the oviposition response of Apanteles plutellae is of a similar nature to th at of Angitia cerophaga, but the range of host instars attacked is more restricted. I t is possible also th at this species is somewhat more tolerant of the physiological conditions of the instars so that the females oviposit more readily in parasitized hosts. No attempts have yet been made to determine the effects of delaying facilities for oviposition on the incidence of multiparasitism in the case of the species of Angitia and Apanteles. It is intended to examine this feature in a later paper. In all foregoing experiments the females which were used had not oviposited previous to the experimental period. Some of the Angitia cerophaga females were left 14-21 days before use, but the dis criminatory faculties showed no appreciable difference from the younger females. Superparasitism was frequent as often too few hosts were available for the parasites.
Mortality in superparasitism and multiparasitism
Only one adult emerges from the host in the case of Angitia cerophaga, Apanteles plutellae and Diadromus collar is. When more than one specimen of either Apanteles or Angitia occurs in a host (that is, superparasitism) one larva only survives to the second instar. In the foregoing experiments, the supernumerary eggs had been deposited within a period of 3 or 4 hr., and, in practically 100% of the cases examined, one living first instar was pre sent and the other inhabitants were in various stages of degeneration. Hence, elimination of rivals in both these larval parasites occurred in the first instars.
Forty-four dissections of hosts which contained one Apanteles and one Angitia larva gave only seven instances in which both parasites were alive. These hosts had been parasitized in the second instar and were dissected in the late third and early fourth instars, so that the contained parasites had developed to the late first instar. In the other thirty-seven hosts, seventeen contained a dead first instar of Apanteles and twenty dead primary larvae of Angitia. This indicates th at when the two species start development at the same time in a host, neither parasite has a marked intrinsic superiority. Data available at present are insufficient for con clusions on mortality when the ovipositions by these species occur at an interval of more than 24 hr. The death of supernumerary primary larvae appears to be due to physiological causes so th at the survival of the older inhabitant is probable. I t must be remembered th at the nature of the selective and restraint faculties possessed by the Angitia and females tends to concentrate superparasitism and multiparasitism in the early stages of parasite development in the host and therefore cases where the two species within one host are likely to be of widely separated ages will presumably be infrequent. Further, development of the early stages of the parasite is slow and accompanied by a fair increase in size of the hosts, which for reasons previously stated, are then not so easily attacked by the adult parasites.
If two or more specimens of Diadromus collaris occur in a pupa, the supernumerary larvae die in the first or second instars. Where eggs or young larvae of Angitia cerophaga and Diadromus collaris same prepupa neither species survives. The Diadromus is unable to develop in prepupae while it is extremely rare for Angitia cerophaga to pupate successfully if the egg has been laid in the later stages of the final instar of the larva, or in the prepupae. At 20° C, the Angitia larva emerges from the prepupa 3 or 4 days after cocoon formation by the host. If the parasite stage is so young at the time of spinning up of the host th at more than a week would elapse before the larva could mature, the host succumbs before parasite development can be completed. Prepupae containing late larval instars of A . cerophaga are very rarely attacked by Diadromus.
The question of the method of elimination of rival larvae by the successful parasite in a given host has received attention from numerous workers. It has been shown th at this destruction may be brought about by actual combat (Pemberton and Willard 1918) , physiological inhibition (Spencer 1926) , or starvation (Fiske 1910) . In the three parasites studied in the present investigation actual combat and physiological inhibition have been involved. D. collaris has three larval instars and larvae in the first and second instars have frequently been found impaled in the sickle-like mandibles of another larva of this species. It is probable that this is the usual means of suppression in this form, although undeveloped eggs and dead larvae with no trace of mechanical injury are sometimes found. Occasionally a single egg or larva is found in a melanized condition in a pupa, and this may perhaps be attributed to host reaction. In the case of Angitia cerophaga and Apanteles plutellae, the factors appear to be of a biochemical nature as no instance of injury or actual combat has been observed. When several larvae of one species occur in the same host, only one first instar remains alive, while the others are dead and later melanized. This condition obtains in superparasitism with either species and also in multiparasitism of the two forms. It has been noted th at if Apanteles eggs are laid in hosts containing primary larvae of the Angitia, these latter are still alive and active 24 hr. later. The possibility th at the death of the young parasite stages is due to the injection of poison by any subsequent ovi positing female is thus unlikely. In any case, such a cause could not operate in cases of superparasitism and the similar results obtaining in such conditions suggest th at the factors responsible for the destruction of supernumerary primary larvae may be to some extent independent of the nature of these larvae.
Superparasitism and multiparasitism in field samples
Collection of data on field parasitism in North Holland in the summer of 1939 was interrupted by the outbreak of war, and it is thought advisable to include the few figures available to date in the present paper. Observa tions were made in the district of Lutjebroek, North Holland, where previous laboratory work had indicated the presence of all important primary parasites of this pest. Throughout the summer and autumn this part of Holland (De Streek) is given over almost exclusively to cauliflower cultivation and it has been found that the area is a very favourable one for work with Plutella maculipennis. The moth occurs here in fair numbers every year, whereas in England its incidence seems more sporadic.
The following host samples (tables 18 and 19) were obtained by random collecting from cabbage seed-beds, which are left standing until the late summer. These beds sometimes cover 40 or 50 square yards. The collections were made from plots more than a quarter of a mile apart, and approxi mately the same amount of time was taken for each. The figures for the Angitia spp. are grouped together because no means of separating the eggs and larvae of cerophaga and fenestralis has yet been found; emergence from collections made at the same time as the foregoing showed cerophaga to be much the more common species. It is very probable th at no Diadromus subtilicornis was present in the beds examined as only D. collar is emerged from samples of pupae collected at the same time as the pupae for dissection. At the time of collection of these samples practically no emergence from Plutella pupae, Angitia cocoons, etc., was observed and the figures are therefore those for the first generation of the host on cultivated crucifers. 2 each w ith 1 specim en of Apanteles plutellae 41 each w ith 1 specim en of Angitia spp.
2 each w ith 1 specimen of Apanteles plutellae 33 each w ith 1 specim en of Angitia spp. 19 each w ith 1 specimen of Apanteles plutellae 1 w ith 2 specimens of A . plutellae Table 19 . F ield parasitism of first-generation pupae of P lu tella m a c u l ip e n n is in N orth H olland, 1939
No. of pupae Sam ple no. Although the percentage parasitism of the host larvae exceeded 40 in all three samples, the only case of superparasitism was th at where two larvae of Apanteles plutellae occurred in one h o st: no multiparasitism occurred. In pupae, superparasitism was more frequent although only 38 % of the pupae were parasitized in the major sample. In all cases the supernumerary specimens of Diadromus collaris had been eliminated in the egg and first larval stages. I t is possible th a t where superparasitism obtained, the parasite eggs were laid within a short time of each other. Thus, in sample 3 of pupae, the superparasitized host contained two eggs. In sample 2, in the hosts containing three parasites, the dead supernumerary specimens were of the same stage-for example, one host contained one living secondinstar larva and two dead first-instar larvae of D. collaris.
The foregoing data suggest th a t the difference in oviposition behaviour of these parasites in the laboratory and field is not so great as to render doubtful the utility of laboratory investigations on the lines evolved. The samples are few and the percentage parasitism figures are low, but they support, in a general way, the features of the oviposition responses deter mined in the laboratory in the preceding winter. Thus, the Angitia and Apanteles tend to avoid superparasitism and multiparasitism, while Diadromus c o l l a r i s is much more prone to superparasitism. It is unfortunate that further figures for the more heavily parasitized second generation of the host could not be obtained.
D iscussion
As the present paper deals with the initial work on the interrelations of the parasites of Plutella maculipemiis, discussion of the data will One outstanding feature which emerges from the study of the oviposition behaviour of the present three species of parasites is the extent to which the oviposition response of any one species grades into th at of another. Although three very distinct genera are involved, the separation of the factors involving oviposition is not as precise as was anticipated at the outset of the experiments. It might be thought th at this latitude in the oviposition responses is largely an expression of the facilities for the females in the laboratory, but the fact that one host species only has been used, and th at in states which the adult parasites are liable to meet in the field, somewhat discounts this interpretation. Due caution must be observed in applying laboratory reactions to the natural environment but in some instances there can be little doubt of the identity of the behaviour under the two sets of conditions. For example, it may be taken as certain th at Angitia cerophaga will oviposit in second-instar Plutella larvae and in prepupae; th at Diadromus collaris will attack its hosts via the terminal holes of the silken cocoons and lay in prepupae and pupae; and th at these reactions occur in the laboratory and field. Similarly, the foregoing experiments indicate an ability to discriminate between parasitized and unparasitized hosts by all three parasites, and there is no reason to doubt its operation in the field. W hat the laboratory experiments do not establish, and indeed cannot establish, is the extent to which this selective faculty determines the incidence of superparasitism and multiparasitism obtaining in a given set of field conditions. Discriminatory faculties seem to be easily countered by other overriding factors in the laboratory and field; so much so that, until queried by Salt in 1934, entomologists had immediately as sumed from their observations of the frequency of superparasitism and multiparasitism in the field samples, th at the female parasites were unable to distinguish parasitized and unparasitized hosts.
Critics of biological control work frequently decry its empirical nature, but rarely offer a practical alternative method of approach. In the present instance, Angitia cerophaga has been established in New Z Diadromus collaris was liberated in the 1939 season. Establishment of Apanteles plutellae will probably be attem pted in later seasons and work on other parasites is proceeding. It is tolerably certain th at if the three species under discussion are established, some multiparasitism will occur. Clearly, its extent and importance relative to other useful characters of the parasites can only be accurately assessed in the conditions obtaining in New Zealand; it is difficult to see how it is possible to predict closely the course of such interactions by a study of the behaviour in the laboratory and field in Europe. As H. S. Smith (1929) has pertinently remarked: " Because of the complexity of a parasite's environment, it is doubtful whether one could determine from studies other than actual field observations, just how it would react in the open, and then it would be too late to make use of the knowledge gained." Thus, on the basis of present experimentation, the most th a t may be claimed is th at such competition as might occur between, for example, Apanteles plutellae and the established Angitia cerophaga, would probably be infrequent on account of the selective faculties of the females of both species. The effect of overriding factors in the form of availability and density of hosts, distribution of the parasites, relative proportion of hosts and parasites in a given area, etc., could only be gauged after liberation of the Braconid species. However, in view of the fact th at neither species appears intrinsically superior when both occur in a host, such competition might be regarded as an addition (large or small) to the m ortality effects caused by superparasitism in either species.
This question of the relative mortalities in superparasitism and multi parasitism in any two or more species of parasites is one which appears to have been overlooked in the past, although it is an important consideration in gauging the alleged deleterious effects of multiparasitism. Thus Pember ton and Willard (1918) give figures to emphasize the heavy mortality of Opius humilis when this species is present in the fruit fly host with tryoni, but they give no indication of the mortality in cases of superparasitism by O. humilis. In one sample of 757 Ceratitis capitata collected in the Kona coffee area in 1916, it is shown th a t 106 cases of duplication of parasitism occurred, in the majority of which a live Opius tryoni was found in the same puparium with one or more individual larvae of O. humilis. Ap parently superparasitism did occur, and the authors remark elsewhere in their paper th a t they have found as many as ten O. humilis larvae in a host capable of maturing one. In his examination of these and other figures Smith (1929) was therefore doubtful of the ability of O. humilis to increase its percentage parasitism of Geratitis capitata since the data suggested th at it was not scarcity of parents which determined the percentage parasitism. It is possible, then, th at the mortality of Opius humilis by superparasitism greatly exceeded th at by 0. tryoni in this district, and the subsequent elimination of 0. humilis from this part of Hawaii have been as much due to the very high parasitism (and hence superparasitism) which resulted from the easy accessibility of hosts on coffee berries as to the presence of the other two Opiine species. There appears little likelihood of the suppression of 0. humilis in other host fruits. It has been stated by Thompson (1939) that in the parasite complex of a given pest, superparasitism is generally more frequent than multiparasitism. This excess is usually attributed to the differential effects of environments on the distributions of parasites, but the findings of the foregoing investigation demonstrate th at the faculties involved in restricting superparasitism may apply at least equally well to multiparasitism and there is, therefore, the possibility th at the oviposition responses of the parasites are such as result in more super parasitism than multiparasitism. This aspect is being examined.
It is, of course, premature to generalize at this stage, but it may be observed that the demonstration in species of the three parasite genera, Diadromus, Angitia and Apanteles, of basic tendencies to avoid parasitizing hosts containing various stages of another species supports H. S. Smith's contention of the probable superior effects of introducing several primary parasites of a given pest. Later data on the oviposition behaviour of Angitia fenestralis and A. cerophaga and Diadromus and D. collaris may modify this conclusion and will be of particular interest since the responses will be intrageneric and more comparable with the interactions of the three Opius species in Hawaii.
Besides their practical bearing, the foregoing experimental data are of general interest from the point of view of insect behaviour. Similar work on host selection by parasites has recently been published by Salt (1935, etc.) , Ullyett (1936), and Lloyd (1938) . Salt, with Trichogramma escens, and Lloyd, with Ooencyrtus lcuvanae, showed th at these egg para sites were able to distinguish between parasitized and unparasitized hosts and partially refrain from ovipositing in parasitized hosts. This capacity has now been proved to exist in the Ichneumonid genera Diadromus and Angitia. Opinion on the nature of the factors involved in the rejection of parasitized hosts, is divided. On the basis of work with Trichogramma evanescens, Salt and Laing (1935) claimed that the initial rejection of a parasitized host was due to chemical traces left on the host by the first female and detected by later females and they suggested that a similar response might occur with Collyria calcitrator and Ibalia leucospoides. The present author (1938) showed the inadequacy of this explanation for Opius k u v a n a e , the egg parasite of the Gipsy Moth, and its operation may be doubted also in the case of Diadromus collaris and Angitia cerophaga. A full discussion of the behaviour in host selection in the primary parasites of Plutella maculipennis is being deferred to a later paper.
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The problem was undertaken at the request of the New Zealand Entomo logists, Dr Miller and Mr Muggeridge, to whom the writer is indebted for the suggestion. The work was carried out under the supervision of Dr W. R. Thompson, F.R.S., whose interest and criticism throughout have been most helpful.
Summary
1. An investigation is being made of the incidence in the laboratory and field of superparasitism and multiparasitism in the primary parasites of Plutella maculipennis Curt. The present paper deals mainly with laboratory experimental work on the three species Diadromus collaris Grav., Angitia cerophaga Grav. and Apanteles plutellae Kurdj.
2. From the experimental point of view, the problem of multiple parasitism is being regarded as a question of the nature of the oviposition responses of the various parasites. The procedure adopted consists in confining the female parasites in tubes for a fixed time with a given number of hosts and observing the oviposition behaviour of the adult parasites and the subsequent development of the immature parasites, to note the effects of competition.
3. W ith Diadromus collaris the silken cocoon surrounding the pupa is important in securing maximum oviposition because of the posture adopted by the female in the oviposition act. Unparasitized hosts were more acceptable when histogenesis was in the early stages but hosts parasitized in such stages were usually rejected by subsequent females. This rejection was very well defined in respect of pupae parasitized by D. collaris itself or prepupae containing advanced stages of Angitia cerophaga and was exercised when such hosts were given to the females for numerous brief exposures. Superparasitism in pupae and prepupae occurred only in cases where the host contained recently deposited eggs; multiparasitism obtained when the Diadromus female encountered prepupae containing early instars of Angitia cerophaga, but oviposition in these conditions was restricted.
Experiments suggest that feeding in host contents is necessary for the full development of the gonads.
4. The parasite Angitia cerophaga will attack all host larval instars and also occasionally prepupae in cocoons. Larvae containing eggs or first and second instars of A. cerophaga were usually rejected when unparasitized hosts were available; when parasitized hosts only were given to the females oviposition was limited. An ability to distinguish between unparasitized host larvae and those containing eggs of Apanteles plutellae was also observed.
5. Apanteles plutellae oviposited in the first three host larval instars and tended to avoid parasitizing hosts containing immature stages of its own species or those of Angitia cerophaga.
6. Elimination of supernumerary larvae in superparasitism in Diadromus collar is was usually by combat in the first and second instars. When present in a prepupa with an early instar of Angitia , neither species survived. Suppression of excess larvae in superparasitism in Angitia cero phaga and Apanteles plutellae was by physiological inhibition in the first instar. This also occurred when specimens of both species were found in one host, but neither species appeared intrinsically superior if the eggs were laid within a short interval.
7. Some data on field parasitism in the first generation of the host in North Holland in 1939 are included. The details for superparasitism and multiparasitism support laboratory experimental work.
8 . The relation of the findings to biological control practice of introducing several primary parasites of a given pest is briefly examined.
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